Hypercholesterolemia and its consequent complex inflammatory processes play a crucial role in development of atherosclerosis [1] . Whereas macrophages are the major infiltration cell type in atherosclerotic lesions, recent studies have also identified other leukocyte types, such as neutrophils, as well as some components in the complement system in atherogenesis. We will discuss three recent publications that contribute to an enhanced understanding of the roles of macrophages, neutrophils, and the complement system in hypercholesterolemiainduced atherosclerosis.
Hypercholesterolemia is a conventional risk factor for atherosclerosis. In addition to modified cholesterol components, sphingomyelin is also found in atherosclerotic lesions. One metabolite of sphingomyelin, sphingosin-1phosphate (S1P), regulates the integrity and inflammatory responses of vascular and immune cells via activation of its receptors (S1PR1, SPR5) [2] . The role of each S1P receptor in atherosclerosis has not been defined. To understand the role of S1PR2 in atherosclerosis, Skoura et al. [3 ] performed both in-vivo and in-vitro mouse studies. S1PR2 deficiency (S1pr2 À/À ) profoundly reduced atherosclerotic lesion size. This was demonstrated by lesion measurements using both an en-face technique and serial cross-sections in apolipoprotein E deficient (Apoe À/À ) mice. A critical role of S1PR2 in macrophages was defined by repopulation of bone marrow-derived cells from Apoe À/À mice that were either S1pr2 þ/þ or À/À in irradiated Apoe À/À mice. S1PR2 deficiency in chimeric mice led to striking reductions of atherosclerosis. S1PR2 genotypes did not change plasma cholesterol concentrations and the lipoprotein profiles, but both in-vivo and in-vitro studies demonstrated that S1PR2 regulated interleukin (IL)-1b and IL-18 in macrophages. These findings indicate that activation of S1PR2 in macrophages is sufficient to promote atherosclerosis and this process is related to increased inflammatory responses in macrophages.
Neutrophils are a predominant leukocytic type in blood. Although neutrophils and their granule proteins have been detected in atherosclerotic lesions from humans [4] and animal models, [5] the contribution of this leukocyte type to the initiation of atherosclerosis is unclear. To assist in clarifying a role, Drechsler et al. [6 ] determined the effects of hypercholesterolemia on peripheral neutrophil numbers and their recruitment to atherosclerotic lesions using eight mouse models that were fed a high-fat diet for 4, 8, 16, or 52 weeks. Apoe À/À mice fed the high-fat diet for 4 weeks showed peripheral neutrophilia that was attributable to enhanced granulopoiesis and mobilization from bone marrow. Neutrophil infiltration into atherosclerotic lesions was most prominent after Apoe À/À mice were fed the high-fat diet for 4 weeks, but was reduced gradually during subsequent observation periods up to 16 weeks. In contrast, peripheral neutropenia led to reduced lesion size, accompanied by less macrophage infiltration after 4 weeks, but not after 16 or 52 weeks, of the high-fat diet feeding in Apoe À/À mice. Recruitment of neutrophils into arterial wall was regulated by the cytokine receptors CCR1, CCR2, CCR5, and CXCR2. Although this study provides strong evidence that neutrophils play a critical role in the early development of atherosclerosis, neutrophils only accounted for 10-15% of the leukocytes that infiltrated into atherosclerotic lesions. Further work will be needed to define the mechanistic basis for hypercholesterolemia inducing neutrophil infiltration in the early stage of atherosclerotic lesions.
The complement system provides an essential link between the innate and adaptive immunity. Factor B is a component of the alternative complement pathway. One previous study reported that factor B deficiency did not change atherosclerotic lesions in mice with combined deficiency of Apoe and LDL (Ldlr) [7] . However, Malik et al.
[8 ] demonstrated an important role of factor B on atherosclerosis in Ldlr À/À mice that were either administered lipopolysaccharide (LPS) for 10 weeks or fed a high-fat diet for 12 weeks. Factor B deficiency profoundly reduced atherosclerotic lesions in both groups of mice. Concomitantly, factor B deficiency led to diminished activation of the complement system in both the circulation and in atherosclerotic lesions of mice given either LPS or the high-fat diet. This study provides an insight that activation of the complement system by the alternative pathway plays critical roles in response to endotoxininduced and hypercholesterolemia-induced atherosclerosis. However, the conflicting findings between the two reported studies [7, 8 ] will need to be fully understood by comparing differences of the complement system and other related parameters between the two hypercholesterolemic mouse models (Apoe À/À /Ldlr À/À mice versus Ldlr À/À mice fed a high-fat diet) in development of atherosclerosis.
In a summary, these three publications evince that complex inflammatory responses involving multiple components in the immune system play critical roles in development of atherosclerosis in hypercholesterolemic mice. These findings provide an advanced insight in extrapolating mechanisms of atherosclerosis in humans.
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